Dilated cardiomyopathy is characterized by systolicdiastolic dysfunction and dilatation of ventricles. It is a major cause of cardiac failure in children. Also, it is a common diagnosis in patients undergoing cardiac transplantation. [1, 2] Left ventricle dilated cardiomyopathy (LVDCM) describes the dilatation of left ventricle with preserved right ventricular function. [1, 2] Pulmonary artery banding (PAB) is a wellknown surgical technique to reduce pulmonary circulation in congenital heart diseases. The role of PAB is to reduce pulmonary blood overflow to prevent or reverse cardiac failure and to provide long-term protection against irreversible pulmonary hypertension, as well as to maintain an optimal systemic output in cases of a large left-to-right shunt or univentricular heart defects. Recently, PAB operation has been increasingly used for the management of dilated cardiomyopathy. [3] Its use for the treatment of idiopathic dilated cardiomyopathy was first described by Schranz et al. [4] in 2007. Herein, we report an infant with dilated cardiomyopathy whose systolic function improved following PAB.
CASE REPORT
A six-month-old girl with dilated cardiomyopathy referred to our clinic for further evaluation. (Figure 1 ). Right ventricular (RV) function was normal. Therefore, she was diagnosed with LVDCM. Intravenous milrinone (0.5 μg/kg/min) and furosemide (2 mg/kg/day) were initiated. However, no change in the patient's overall condition was observed. Then, all therapy choices were explicitly provided to the family and the decision of PAB was made at the discretion of the parents. A written informed consent was obtained from the parents.
The patient was taken to the operation room with milrinone support. After intubation, femoral artery catheter and central venous catheter were placed. Cerebral perfusion monitorization with cerebral near infrared spectroscopy (NIRS) was performed during the operation. Transesophageal echocardiography (TEE) probe was placed. Thymus was displaced without resection after sternotomy. Pericardium was opened superiorly and hanged up with stay sutures. The main pulmonary artery (MPA) was, then, relieved from the peripheral tissues. A band of 3 mm in width and 0.4 mm in thickness was prepared from a serum pack. Pulmonary artery band tightened under the guidance of TEE evaluation during direct arterial, right atrial and right ventricular pressure monitorization and inotropic support was continued. The hematocrit was 40% and the heart rate was 138 bpm during the procedure. The band tightness was set to keep the ratio of RV/aorta pressure around 0.7. A 40 mmHg gradient was measured at the pulmonary artery. To provide a possible dilatation with balloon angioplasty in the future, the band was cut and put back together with 6-0 polypropylene intermittent sutures and also fixed with 6-0 polypropylene sutures to prevent migration. Interventricular septum was deviated slightly to the left and mitral regurgitation decreased, as soon as the band was applied (Figure 2 ). The patient was transferred to the intensive care unit with milrinone (0.5 µg/kg/minute) and adrenaline (0.05 µg/kg/minute) inotropic support.
She was mechanically ventilated for two days. The adrenalin infusion was ceased in the third postoperative day. She was discharged from the intensive care unit to the ward in the sixth postoperative day. Milrinone infusion was discontinued in the 10 th postoperative day. The patient was discharged from the hospital in the 20 th postoperative day. Interventricular septum was deviated towards left, septal movement was paradoxical, the LVEDd was 37 mm, and the LVESd 28 mm with a shortening fraction (SF) of 25%. Echocardiography showed mild mitral regurgitation and the gradient on band was 50 mmHg.
The baseline level of the brain natriuretic peptide of 4288 pg/mL decreased gradually to 80 pg/mL in the 20 th postoperative day. Functional capacity according to the Ross classification improved from class 4 to 2 before discharge. She was discharged with the prescription of captopril, furosemide, and acetylsalicylic acid. The out-patient follow-up results biannually are normal.
DISCUSSION
Dilated cardiomyopathy is an important health problem, as it is one of the leading causes of cardiac failure and cardiac transplantation. [1, 2] Cardiac transplantation should be performed in patients with dilated cardiomyopathy who are unresponsive to the medical treatment; however, transplantation is limited in childhood both in our country and throughout the world. [3] Therefore, many patients die due to congestive heart failure or arrhythmias, unless transplantation is performed. [1] [2] [3] According to the Freedom analysis, 72% of the patients with dilated cardiomyopathy die in the first year, where 68% need cardiac transplantation. These were 63% and 54%, respectively at five years; [2] therefore, alternative treatment modalities are needed in children with dilated cardiomyopathy and intractable heart failure.
Pulmonary artery banding is an operation described 60 years ago to decrease pulmonary blood flow or to adjust the balance between systemic-pulmonary circulation in patients with complex ventricular shunts. The idea of PAB in dilated cardiomyopathy depends on the idea of preparation of the systemic ventricle for anatomic correction by remodeling with band application in front of the LV in infants with congenitally corrected transposition of great arteries (ccTGA). [4] Functional improvement of the morphologic RV, which is the systemic ventricle and decrease in tricuspid regurgitation were reported after PAB in ccTGA patients. [5] Altogether, it was clinically shown that the shift of ventricular septum towards the left by PAB resulted in decreased LV end-diastolic volume and leftward shift of the LV Frank-Starling curve in selected cases. Also, there was increased LV ejection fraction by reverse remodeling in LV, reduced filling dynamics of LV, and end-diastolic pressure. [4, 5] In addition, ventricular electromechanical synchronization can be provided with cardiac re-synchronization treatment (CRT), if needed.
The normal structural and functional RV, LVEDd z score > + 4, LV EF < 30% despite medical therapy, patients younger than 3 years of age, and informed consent from the parents were stated as the indication for PAB. The mainstays of a successful PAB procedure include a preoperative hematocrit level of >40, right atrial pressure more than 5 mmHg but less than 15 mmHg, a heart rate of <150 bpm, tightening of the band with echocardiography guidance, the adjustment of band tightening according to the amount of deviation of septum towards left, reduced mitral regurgitation and a RV/aorta pressure ratio of 0.6-0.7, initiation of milrinone infusion preoperatively and continuation after the operation, initiation of adrenaline infusion immediately after band tightening and cessation in the third postoperative day, noradrenalin initiation in case of an unstable myocardial perfusion pressure [age-dependent, and systemic diastolic pressure-RA pressure (<30-35 mmHg)]. [3] Schranz et al. [3] performed PAB on 12 patients with LVDCM and reported that cardiac transplantation need might be delayed or even disappeared in some patients.
Besides, lisinopril, an angiotensin converting enzyme inhibitor (ACEI), and bisoprolol, a betablocker, in case of tachycardia can be used in the firstline treatment or digoxin can be used in the secondline treatment in patients with dilated cardiomyopathy after PAB. The loop diuretic furosemide can be also added to the treatment, if the patient suffers from pulmonary edema. [6] In our case, we followed the same strategy for PAB procedure. Captopril as an ACEI and digoxin for tachycardia were used after PAB. Mitral regurgitation, then, decreased and inotropes was able to be discontinued within the expected period. The patient was discharged, as it was planned. The next plan probably would be transcatheter balloon dilatation of the band, according to the clinic of the patient at the mid-term follow-up.
In conclusion, in infants with left ventricle dilated cardiomyopathy and preserved right ventricle function, pulmonary artery banding may result in improved left ventricle function by ventricular interaction. The need for cardiac transplantation may be postponed or cancelled. However, further large-scale studies are needed to prove the efficacy of pulmonary artery banding in dilated cardiomyopathy.
